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Abstract 
Based on a large number of data, the paper analysed the influence factors of coal mining for the karst 
water system in north China, used analytic hierarchy process (AHP) for evaluation of the effect of coal 
mining on the karst water system, and divided influence degree subareas of State-planed 21 coal mining 
areas. We also come up with some suggestions on prevention and control measures of principle according 
to the different influence degrees. 
Keywords: karst-water system in north China, influence degree, prevention and control measures; 
North China type coalfield and the karst water system in the north are inseparable, there exists three 
superposition relationships [1]: monoclinal structure, synclinal structure and block-faulting structure.   
Karst water system in the north is characterized by large scales, numerous components of water resources, 
the complexity of transformation between water resources, coexistence of water and coal and so on. The 
karst water resource in the north is not only important water resource, but also is threatening the coal 
resources. So it has important significance to study the relationship between coal resources and water 
resources for the sustainable development of coal resources.  
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1. The general situation of planed coal mining area 
The planed mining scale and planed water consuption the planed mining areas of North China 
coalfields are shown in table 1. 
 
Reserves 
(x 109 t)  
Plane
d 
scale 
˄x 
104  
t/a˅ 
Planed water 
consumption 
(x 104 m3/d) 
Karst water 
system Mine 
Ordovician 
limestone 
water 
elevation 
Mining  
elevatio
n 
Water 
pressur
e 
˄MPa
˅ 
Dongsheng  1086.88 5000 39  QunlishanˈJiaozuo,Henan 88 -225 3.13 
Shenfu-
xinmin  81.00 2200 19.46 Tianqiao  spring 
Fangezhuang, 
Kailuan,Hebei 8.94 -490 4.99 
Zhunger  246.73 11300 78  The eighth mining of Pingdingshan  -152.17 -275 1.23 
Hebaopian  218.79 2700 40  Weicun,Xinmi  188 -75 2.63 
Datong  569.71 6570 23 Shentou spring    Caocun, Huozhou,Shanxi  520 400 1.2 
South of 
pingshuo  281.5 10300 15.45  
Xiangshan ,Hanch
eng,shan’xi 377.8 250 1.28 
Xishan-
gujiao  183.55   5.5 Jinci spring 
Quanjiahe,Chengh
e,Shanxi  380 375 0.05 
Huozhou  124.77 1550 4.05 Guozhuang, longzici  
Macun, 
Pubai,Shanxi  380 314 0.66 
Lishi.Liulin  229.56 2300 3.5 Liulin spring Caitun ,Benxi,liaonin 189 -950 11.39 
Qinyuan 
(Huodong) 90.01 600 2.5 
Huo 
spring,Hongshan 
spring 
Dahuangshan, 
Xuzhou,Jiangsu  30.44 -500 5.3 
Yangquan  158.29 8000 13.46 Niangziguan  Yangzhuang ,Huaibei,Anhui 32 -280 3.12 
Lu’an  146.32 8210 47.97 Xin’an spring  Yangtuo,Beijng 118 -150 2.68 
 Jincheng  247.44 8520 13.92 Yanhe spring. Sangu spring  
NO.1 Coal mine, 
Hebi,Henan 134 -50 1.84 
Yushen  659.00 8330 39.98  Fenghuangshan, Jincheng,Shanxi 550-633 650  
Yuheng  455.79 400 0.6  WangfengˈHandan,Hebei 125 -56 1.81 
Binchang 87.80 3570 4.65 (Shen spring. Shuigou spring˅ 
Dafeng, 
Feicheng,Shandon
g 
50 -140 1.9 
Weibei 108.55 3020 7.75  Ganlin Zaozhuang, Shandong 79.8 -380 4.6 
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Handan-
Xingtai 100.81 2815 31.82 
HeiLongdong. 
Baiquan 
Suncun ,Xinwen, 
Shandong 165 -800 9.65 
Pingding 
Shan 78.44 5630 8.45 
Guanxinshan 
spring. Baishuzui 
spring. Pingding 
mountain  
Dongshan,Taiyuan
,Shanxi 798 100 6.98 
Dengfeng –
Zhengzhou  70.35 3620 5.43 
Shiyangguan 
spring. Chaohua 
spring 
NO.1 Coal mine, 
Yangquan,Shanxi 410 609  
ZaoTeng  25.49 2000 4.37 
Yangzhuang spring. 
Shili spring. 
Guanqiao 
 
Yongdingzhuang,
Datong,Shanxi 
1156 164 9.92 
Juye  57.89 3205 7.35 Juye-jiaxiang Shigejie, Lu’an,Shanxi 688 140 5.48 
North Yellow 
river  14.00 745 2.67 Jiuxian. Pingyin  
Dongjiahe, 
Chenghe,Shanxi 389 355 0.34 
 Huaibei 98.10 4350 48 Huai Bei Zibo Shigu 118 -320 2.02 
 Huainan 174.32 6115 9.2  Beida spring  Xiazhuang, Zibo,Shandong 110 -224 3.34 
     Dayugou ,Gong county,Henan 281.96 186 0.96 
     NO.1 Coal mine Fengfeng,Hebei 131 -100 2.31 
     Malan,Gujiao,Shanxi 951.25 722 2.29 
Table 1.  The general situation of planed coal mining areas[2] 
 
As indicated in  table 1, the spatial relationship  is comparatively complex between the planed coal 
mining areas and the karst water system, not only there are several planed coal mining areas located in  
karst water system, but also some karst water systems are located in a planed coal mining area. During  
regional assessment of the influence of coal mining  on karst water system, an coal mining area  is taken 
as a unit. 
2. The main factors of the influence of coal mining on karst groundwater system  
The influence of coal mining on karst water system can be summed up by three aspects, that is, 
quantity of water, water quality and system environments. The effect on the quantity of water is presented 
as the reduced flow of spring, the decrease of water level and so on, mainly influenced by mining scale, 
exploitation layout and water pressure, it is known that the fifty years evolution history of Heilongdong 
spring karst water system can be divided into three stages: natural evolution period, the period of mining 
influence, the new relative balance period, that is to say, in the range of the bearing capacity of karst water 
system, mining scale possesses relatively strong self-regulation function. The effect of water quality is 
dual, for one hand it is the pollution to groundwater of mining drainage and the pour filter fluid of gangue,  
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Table 2  The quantization table of evaluation factors that coal mining cause the influence degree to the karst-water system 
Planning coal 
mining area   
Planning scale 
˄million t/a˅ 
Planning water 
requirements 
(million m3/d) 
Amount of 
precipitation 
Rate of coverage 
% Water pressure[3]  Structure [3] 
Dongsheng  5000 39 400 100* 10* Secondary  
Shenfuxinmin  2200 19.46 502 79 3* Secondary 
Zhunger 11300 78 394 79 3* Secondary 
Hebaopian 2700 40 465 79 3* Secondary 
Datong 6570 23 416 76.8 9.92 Secondary 
South of pingshuo 10300 15.45 416 76.8 3* Complexity 
Xishan-gujiao 3000* 5.5 500* 81.5 2.29 Complexity 
Huozhou 1550 4.05 443 76.3 1.2 
Comparatively 
complexity 
 
 
 complexity 
Lishi.Liulin 2300 3.5 506 79.6 3* 
Comparatively 
complexity 
 
Xiangning  2400 3.6 576 78 3.22 Secondary 
Qinyuan (Huodong)  600 2.5 550* 49.6 1.2 Complexity 
Yangquan 8000 13.46 496.96 68.8 3 
Comparatively 
complexity 
 
Lu’an 8210 47.97 558.8 80 5.48 
Comparatively 
complexity 
 
Jincheng 8520 13.92 620.9 60.8 3.5 
Comparatively 
complexity 
 
Yushen 8330 39.98 400* 100* 10* Secondary 
Yuheng 400 0.6 400* 100* 10* Secondary 
Binchang 3570 4.65 600* 59.6* 3* Secondary 
Weibei 3020 7.75 549 92.5 3* Secondary 
Handan-Xingtai 2815 31.82 541.44 47.4 2.31 Complexity 
Pingding shan 5630 8.45 900* 85* 5.5 Complexity 
Dengfeng –
Zhengzhou 3620 5.43 680* 75* 2.63 Complexity 
ZaoTeng 2000 4.37 800* 70* 4.6 Complexity 
Juye 3205 7.35 650* 95* 5* Complexity 
North Yellow river 745 2.67 700* 90* 5* Complexity 
Huaibei 4350 48 845 95 3.12 Complexity 
 Huainan 6115 9.2 900* 95* 1.5 Complexity 
Note˖ “*” estimated value 
on the other hand, the drainage of karst water in the retention region changed karst water runoff and 
circulation conditions, it makes the quality of karst water of which the natural state is viscous flow change, 
taking the east viscous flow district of Heilongdong karst water system for example, the mineralization 
descends more than 4000mg/l. The influence on environment mainly manifests as ground subsidence, 
ground fissures, soil contamination and ecological environment etc. The main factor is mining scale and 
the thickness of mining and so on. Therefore, the factors of evaluation are mining scale, water pressure, 
water cosumption, the rate of coverage, amount of precipitation, the complexity of structure. 
Taking the planed scale in table 1 as the calculated value of mining scale. 
Taking the water pressure in table 2 as the calculated value of the water pressure. 
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Taking the planed water consumption in table 1 as the calculated value of the water consumption. 
The rate of coverage reflects the ability of system precipitation recharge, the greater  the ability of 
recharge is, the smaller the influence of mining  on karst water system, the rate of coverage, in other word, 
the proportion of covered area takes up the area of the whole system (1-the bare area of karst water system 
area ) as calculated value. When there are multiple karst-water systems in a mining area,  computation is 
incorporated; when several mining areas is located in one karst-water system, the areas are taken for 
weight distribution. 
Taking the D-value of the normalization value and 1 for the value of precipitation . 
The complexity of structure  are indicated in table 2. According to 4 levels quantitative (1-simpleness, 
2-secondary, 3-comparatively complexity, 4- complexity). 
3. The analytic hierarchy process (AHP) based on MAPGIS  
3.1 Building up  of the model for analytic hierarchy process 
According to the analysis of influence factors of coal mining on karst water systems,  the hierarchy 
process model (figure 1) was divided into three layers: the evaluation of influence  of coal mining on karst 
water system (A), the influence on  karst water quantity (B1)and  quality (B2), the influence on system 
environment(B3) , each of specific factor index of evaluation (mining scale C1, water pressure C2, water 
consumption C3, the proportion of covered area in the area of the whole system C4, precipitation C5 and 
the complexity of structure C6) make up the decision layer of this model (C layer). 
 
A   The influence of coal mining on karst water system  
      
B Quantity of water  water quality  environment 
  
 
C    
mining 
scale 
C1 
water 
pressure 
C2 
water 
requirement 
c3 
the 
proportion of 
cover area 
taking up the 
area of the 
whole 
system  
C4 
amount of 
precipitation 
C5 
 
complexity 
of structure 
C6 
Fig.1. Model of analytic hierarchy process 
3.2 The formation of judgment matrix 
According to the analysis of influence factors of coal mining on karst water systems,  the method of 
“solicitation expert evaluation” was used, the opinions of researchers from universities and scientific 
research institutions were widely reviewed in line with their personal experience obtained during 
production practice and scientific research as well as the definite method of handling problems to grade  
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many factors that effect the aquifer, the standard of scoring is in accordance with the 1-9 scale method 
founded by T.L. SAATY. Based on experts’ statistics, the evaluation sets of the influence factors  were set 
up to construct the judgment matrix for evaluation of the influence of coal mining on large springs in the 
north (table 3 – table 6). 
Table 3 . Judgment matrix A~Bi (i=1~3) 
Influence degree A Quantity of water B1 Water quality B2 Environment B3 (WA) 
Quantity of water B1 1 5 0.3333 0.287 
Water quality B2 0.2 1 0.1667 0.078 
Environment B3 3 6 1 0.635 
Ȝmax=3.094 
CI=0.047 
CR=0.081<0.1 
Table  4. Judgment matrix B1~Ci (i=1~6) 
Quantity of water B1 Mining scale C1 
Water pressure 
C2 
Water  
consumption
C3 
The proportion of 
covered are in the 
area of the whole 
system C4 
Precipitation C5 
The 
complexity 
of structure 
C6 
WB1 
Mining scale C1 1 0.3333 2 3 4 0.3333 0.145 
Water pressure C2 3 1 4 5 6 2 0.369 
Water  consumption C3 0.5 0.25 1 3 5 0.3333 0.114 
The proportion of cover 
ed area in    the area of 
the whole system C4 
0.3333 0.2 0.3333 1 2 0.2 0.0561
Precipitation C5 0.25 0.1667 0.2 0.5 1 0.1667 0.0367
The complexity of 
structure C6 
3 0.5 3 5 6 1 0.279 
Ȝmax=6.35      CI=0.07     CR=0.056<0.1 
Table 5.  judgment matrix B2~Ci (i=1~6) 
B2 Mining scale C1 
Water 
pressure  
C2 
Water 
requirement 
C3 
The proportion of covered 
area in the area of the whole 
system C4 
Precipitation 
C5 
 Complexity 
of structure 
C6 
WB2
Mining scale C1 1 4 7 2 4 6 0.405
Water pressure C2 0.25 1 3 0.3333 0.3333 2 0.090
Water requirement C3 0.1428 0.3333 1 0.2 0.25 0.5 0.040
The proportion of 
covered area in the 
area of the whole 
system C4 
0.5 3 5 1 2 5 0.250
Precipitation C5 0.25 3 4 0.5 1 3 0.157
Complexity of 
structure C6 
0.1667 0.5 2 0.2 0.3333 1 0.058
Ȝmax=6.29      CI=0.059     CR=0.047<0.1 
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Table   6.  Judgment matrix B3~Ci (i=1~6) 
B3 Mining scale C1 
Water 
pressure C2
Water 
consumption
C3 
The proportion of 
covered area in the 
area of the whole 
system C4 
Precipitation C5 Complexity of structure C6 WB3 
Mining scale C1 1 7 2 5 3 8 0.4076 
Water pressure C2 0.1428 1 0.2 0.3333 0.2 2 0.0467 
Water consumption 
C3 
0.5 5 1 3 2 6 0.2503 
The proportion of 
covered area in  the 
area of the whole 
system C4 
0.2 3 0.3333 1 0.5 3 0.0967 
Precipitation C5 0.3333 5 0.5 2 1 4 0.1622 
Complexity of 
structure C6 
0.125 0.5 0.166667 0.3333 0.25 1 0.0365 
Ȝmax=6.27      CI=0.053     CR=0.043<0.1 
3.3. The weight calculation of each influence factor 
Table 3 ~ Table 6 form the general ranking of the level (Table 7).The consistency test is carried out 
with the following formula : 
 
1.008.03
1
3
1   
¦
¦
 
 
j
jj
j
jj
RIa
CIa
CR
 

Relatively satisfying consistency was got. 
According to the size to sort from table 7ˈwe have got the weight of each evaluation factor of 
influence degree A(Table 8). 
Table   7. General ranking table 
B1 B2 B3 
A 
0.287 0.078 0.635 
Wz 
C1 0.1451 0.4051 0.4076 0.332 
C2 0.3690 0.0905 0.0467 0.143 
C3 0.1140 0.0397 0.2503 0.195 
C4 0.0561 0.2504 0.0967 0.097 
C5 0.0367 0.1567 0.1622 0.126 
C6 0.2792 0.0576 0.0365 0.108 
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Table 8.  The weight of each evaluation factor of influence degree A 
Influence 
factors 
Mining scale 
C1 
Water 
consumption 
C3 
Water 
pressure  
C2 
Precipitation
 C5 
Complexity of 
structure  
C6 
The proportion of covered 
area in the area of the whole 
system  
C4 
weight 0.332 0.195 0.143 0.126 0.108 0.097 

4. Influence factors normalization and the influence degree hierarchies
Linear normalization formula was used, and then the normalized values of the evaluation factors in 
planed areas˄table 9˅was got.
Substituting weight of table 8 into the following formula: 
areas mining planning jin  factors  theof  valuesnormalized 
factors  theofweight :
,
6
1
,
iC
iWitIn
CWV
ij
i
i
ijij


 ¦
 
               (2) 
To Gain: 
 
,1 ,3 ,2 ,5 ,6 ,40.332 0.195 0.143 0.126 0.108 0.097j j j j j jV C C C C C C      j                           (3) 
Calculation of the influence value V of coal mining on karst water system in each coal mining area is 
shown in table 9.. Division of rank by the influence value V 0.3,0.5.  
V<0.3       small impact 
0.3V<0.5   medium impact 
0.5V       large impact 
 
4.1 .The planning mining areas where  the influence of coal mining on karst water system  is large 
Zhunger, South of pingshuo, Lu’an, , Pingdingshan, Huaibei , Huainan.  Among them : ķin Zhunger 
mining area, the main influence factors are mining scale and water consumption, followed by coverage 
area ratio; ĸin three mining areas, i.e. Pingdingshan, Huaibei,  Huainan, the main influence factors are 
structure, rainfall and coverage area ratio, followed by mining scale and water consumption; Ĺin the 
mining area of South of Pingshuo, the main influence factors are structure and mining scale, followed by 
coverage area ratio; ĺin Yushen mining area, the main influence factors are hydraulic pressure and 
coverage area ratio, followed by mining scale and water consumption; Ļin Lu’an mining area, the main 
influence factors are not evident. 
 
4.2. The planed mining areas wher the influence of coal mining on karst water system is mediu  
Dongsheng, Datong, Xishan-gujiao, Yangquan, Jincheng, Handan-Xingtai, Dengfeng –Zhengzhou, 
ZaoTeng, Juye, North Yellow River. Among them :ķin Dongsheng mining area, the main influence 
factors are hydraulic pressure and coverage area ratio, followed by mining scale and water requirement;
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ĸin Datong mining area, the main influence factor is hydraulic pressure, followed by mining scale and 
coverage area ratio; Ĺin Xishan-gujiao, Handan-Xingtai, Dengfeng –Zhengzhou, Zaoteng, the main 
 
  influence factor is structure; ĺin  the mining area Juye, North Yellow River. the main influence factors 
are structure and coverage area ratio; Ļin Yangquan, Jincheng mining areas, the influence factors are 
mining scale and structure. 
4.3 The planed mining areas where the influence of coal mining on karst water system is small 
Shenfuxinmin, Hebaopian, Huozhou, Lishi, Liulinm, Xiangning, Qinyuan (Huodong), Yuheng, 
Binchang, Weibei  etc. 
 
5.  Countermeasures and proposed measures for protection of karst water 
5.1 The strategies and measures for protection of water quality  
Karst water as a water resources in North China is an important groundwater resources and is also the 
pillar of the national economy development North China accounts for 70% of the national total coal 
resources, therefore, it is important issue how to rational use and extraction of coal resources for 
promoting the harmonious social development. 
(1) The research of under-pressure extraction technology 
In the coal mining area whose structure is not complicated, the exploration and research of the
impermeable layer of coal floor should be strengthened. The main content is: exploration and research of 
Ordovician top weathering fracture zone, exploration and research of impermeable performance of the 
Carboniferous bauxite bottom layer, research on reasonable pressure for extraction. 
(2) The implementation of research project of technology and engineering for comprehensive utilization 
of mine drainage  
The research on technology and engineering of purification and utilization of groundwater drained from 
coal measures during coal mining, with the main content: coal mine drainage purification technology. 
In coal mining areas with complex structures and unstable acquiclude in floor of lower seam group, the 
study on technology of comprehensive utilization of karst underground water drained from underlying 
Ordovician should be strengthened. The main contents is reasonable planning of mining layout and 
advance, systematic engineering of water drainage and water supply network. 
(3) Comprehensive utilization of water in old workings of closed coal mines 
In operating coal mining areas, study on protection and utilization of gob should be strengthened. The 
main content to study is  structural evolution of geological bodies in gob, dynamics of gob water and 
related acqifers, as well as water alternation . 
5.2. The countermeasures and measures for protection of water quality 
As above-mentioned, the influence of coal mining on the quality of karst water is through dual ways. 
Firstly to utilize its positive influence under scientific and reasonable preconditions, to make karst water 
source area move to stagnant areas, mainly to study paleao-karst, particularly the development regularities 
of paleao-karst, secondly to strengthen research on technology and engineering of comprehensive control 
of water drainage and sewage drainage, the main content for research is more efficient technology and 
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engineering of purification and reutilization of waqter with coal particles, technology and engineering for 
purification and reutilization of waste water from coal processing, characteristics underground water 
pollution induced by underground waste and control measures.. 
5.3. Countermeasures and measures for system environmental protection 
The major influence of coal mining on the environments is pollution of soil and geological disaster. The 
study of the technology of separation of coal and gangue, technology of backfilling while extracting, the 
technology of later control of gob and study of  reconstruction engineering of acquifer, recovery and 
control engineering of ecological environments..  
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